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WATER-SOLUBLE ELECTRICALLY
CONDUCTIVE POLYMERS

TECHNICAL FIELD

The present disclosure relates generally to techniques for
producing water-soluble electrically conductive polymers.

BACKGROUND

Electrical conductivity 1s a useful property in transparent
clectrodes, electromagnetic wave shielding films, antistatic
agents, solar cells and the like. Currently, electrical conduc-
tivity 1s achieved in transparent films by application of a thin
metallic coating such as gold, silver or copper, or a metal
oxide coating such as Indium Tin Oxide (ITO). Transparent
conductive oxide films such as ITO are used 1n a wide variety
of applications such as, but not limited to, window de-icers,
heat reflectors, LCDs, OLEDs, solar cells, and architectural
coatings. One feature of I'TO coatings 1s that they tend to have
weak mechanical strength and low tlexibility, which makes
them fragile and readily damaged during bending. In addi-
tion, ITO coatings are generally applied using vacuum depo-
sition and are therefore not able to form patterns or circuits
through wet processing. Also, the high raw material cost of
indium and the chemical stability in some device structures
limit potential applications.

SUMMARY

Water-soluble electrically conductive polymers and com-
positions 1ncluding such polymers are provided. Also, an
clectrically conductive layer or film formed from the compo-
sition, and articles including the electrically conductive layer
or film are provided. Also disclosed are methods for making
clectrically conductive layers or films and articles manufac-
tured according to these methods.

In one embodiment, a polymer including at least one
repeating unit of Formula 1 and Formula 2 1s provided.

|Formula 1]
Rj
|
— A —
|Formula 2]
R>
|

In Formulas 1 and 2, A and B are independently at least one
member selected from the group phenylene, phenylene
vinylene, pyrrolylene, pyrrolylene vinylene, thienylene, thie-
nylene vinylene, fluorenylene, fluorenylene vinylene, fura-
nylene, furanylene vinylene, phenothiazinylene, phenothi-
azinylene vinylene, phenazinylene, phenazinylene vinylene,
phenoxazinylene and phenoxazinylene vinylene, which are
unsubstituted or substituted with one or more substituents.
The substituents are independently selected from the group
hydroxyl, alkyl, alkenyl, alkynyl, alkanoyl, alkanoylamino,
alkenoyl, alkynoyl, alkoxy, alkoxycarbonyl, alkoxycarbony-
lamino, alkylamino, alkylaminocarbonyl, dialkylaminocar-
bonyl, alkylsulifonyl, alkylsulfinyl, sulfonylaminoalkyl,
alkylsulfonylaminocarbonyl, aminoalkyl, cyanoalkyl, halo-
gen, haloalkyl, haloalkenyl, haloalkynyl, haloalkanoyl,
haloalkenoyl, haloalkynoyl, haloalkoxy, haloalkoxycarbo-
nyl, hydroxyalkyl, oxoalkyl, cycloalkyl, cycloalkenyl,
cycloalkanoyl, cycloalkenoyl, cycloalkoxy, cycloalkoxycar-
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bonyl, aryl, arylene, heterocycle, heterocyclyl, heteroaryl,
heteroarylene, arvlalkyl, heteroarylalkyl, arylalkanoyl, het-
croarylalkanoyl, arylalkenoyl, heteroarylalkenoyl, aryla-
lkynoyl, heteroarvlalkynoyl, arylalkoxy, heteroarylalkoxy,
aryloxy, heteroaryloxy, aryloxycarbonyl, heteroarylxoycar-
bonyl, arylalkoxycarbonyl, heteroarylalkoxycarbonyl,
alkythio, alkylthioalkyl, arylthio, arylsulfonyl and arylsulii-
nyl. Or, the substituents together may form an alkylene or
alkenylene chain completing a 3, 4, 5, 6, or 7-membered
aromatic or alicyclic ring. The ring optionally includes one or
more divalent nitrogen, sulfur or oxygen atoms; and the sub-
stituents may be substituted or unsubstituted.

In the foregoing Formulas, R, represents

and R, represents

re

Rg

R,, R,, R, R, R, and R, are independently hydrogen, alkyl,

ammonium or
K Ro,
Loy
d

with the proviso that at least one of R, R, R, R, R, and R,

1S ammonium Or
K R,.
/% \09/
d

In the Formulas, K may represent alkylene having one or two
carbon and d 1s 1 to 3. In the Formulas, Ry may be hydroxyl,
carboxylic acid, sulfonic acid, or a straight or branched alkyl
which 1s unsubstituted or substituted with hydroxyl. In the
Formulas, the polymer has a degree of polymerization of 100
to 1,000. In one embodiment a method for manufacturing an
clectrically conductive layer or film of an electronic device 1s
disclosed. The method may include forming an intermediate
composition including a solvent and an electrically conduc-
tive polymer, the polymer including at least one repeating unit
of Formula 1 and Formula 2 as described above. The method
also includes applying the intermediate composition to a sub-
strate and removing at least a portion of the solvent to yield
the electrically conductive layer or film. The solvent may be
an aqueous solvent such as, but not limited to water and
optionally an alcohol.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates a scheme for preparing an electrically
conductive polymer having hydrophilic side chains.
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DETAILED DESCRIPTION

The 1illustrative embodiments described i the detailed
description and claims are not meant to be limiting. Other
embodiments may be utilized, and other changes may be
made, without departing from the spirit or scope of the subject
matter presented herein. It will be readily understood that the
aspects of the present disclosure, as generally described
herein, can be arranged, substituted, combined, separated,
and designed 1n a wide variety of different configurations, all
of which are explicitly contemplated herein.

Water-soluble electrically conductive polymers and com-
positions ncluding such polymers are provided. The poly-
mers include two or more electrically conductive monomers.
At least one of the two monomers includes a hydrophilic
group that allows the electrically conductive polymer to have
a desired solubility in aqueous solutions. The ratios of the
clectrically conductive monomers can be selected (1.¢., tuned)
to optimize water solubility and electrical conductance. The
clectrically conductive polymers may be used to make layers
and/or films on a substrate. For example, the electrically
conductive layers may be used to manufacture features of an
clectrical device. The water solubility of the electrically con-
ductive polymers allows methods to be performed to manu-
facture components of an electronic device.

Unless otherwise indicated, this disclosure uses the defini-
tions provided below. Some of the definitions and formulae
may include a dash (*“-”’) to indicate a bond between atoms or
a point of attachment to a named or unnamed atom or group
of atoms. Other definitions and formulaec may include an
equal sign (*“=") or an i1dentity symbol (*="") to indicate a
double bond or a triple bond, respectively.

“Substituted” groups are those i which one or more
hydrogen atoms have been replaced with one or more non-
hydrogen groups, provided that valence requirements are met
and that a chemically stable compound results from the sub-
stitution.

“Alkyl” refers to straight chain and branched saturated
hydrocarbon groups, generally having a specified number of

carbon atoms (1.e., C,_, alkyl refers to an alkyl group having
1,2,3,4,5,0r6 carbonatoms and C, _, , alkyl refers to an alkyl

group having 1, 2,3, 4, 5, 6,7,8,9, 10, 11, or 12 carbon
atoms). Examples of alkyl groups include, without limitation,
methyl, ethyl, n-propyl, 1-propyl, n-butyl, s-butyl, 1-butyl,
t-butyl, pent-1-yl, pent-2-yl, pent-3-yl, 3-methylbut-1-yl,
3-methylbut-2-yl, 2-methylbut-2-yl, 2,2,2-trimethyleth-1-vl,
n-hexyl, and the like.

“Alkenyl” refers to straight chain and branched hydrocar-
bon groups having one or more unsaturated carbon-carbon
bonds, and generally having a specified number of carbon
atoms. Examples of alkenyl groups include, without limita-
tion, ethenyl, 1-propen-1-yl, 1-propen-2-vyl, 2-propen-1-vyl,
1-buten-1-yl, 1-buten-2-yl, 3-buten-1-yl, 3-buten-2-vl,
2-buten-1-yl, 2-buten-2-yl, 2-methyl-1-propen-1-yl, 2-me-
thyl-2-propen-1-vl, 1,3-butadien-1-yl, 1,3-butadien-2-vyl, and
the like.

“Alkynyl” refers to straight chain or branched hydrocarbon
groups having one or more triple carbon-carbon bonds, and
generally having a specified number of carbon atoms.

Examples of alkynyl groups include, without limitation,
cthynyl, 1-propyn-1-yl, 2-propyn-1-yl, 1-butyn-1-yl, 3-bu-
tyn-1-yl, 3-butyn-2-yl, 2-butyn-1-yl, and the like.

“Alkanoy]” and “alkanoylamino” refer, respectively, to
alkyl-C(O)— and alkyl-C(O)—NH—, where alkyl 1s defined
above, and generally includes a specified number of carbon
atoms, icluding the carbonyl carbon. Examples of alkanoyl
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4

groups include, without limitation, formyl, acetyl, propionyl,
butyryl, pentanoyl, hexanoyl, and the like.

“Alkenoy]l” and “alkynoyl” refer, respectively, to alkenyl-
C(O)— and alkynyl-C(O)—, where alkenyl and alkynyl are
defined above. References to alkenoyl and alkynoyl generally
include a specified number of carbon atoms, excluding the
carbonyl carbon. Examples of alkenoyl groups include, with-
out limitation, propenoyl, 2-methylpropenoyl, 2-butenovl,
3-butenoyl, 2-methyl-2-butenoyl, 2-methyl-3-butenoyl,
3-methyl-3-butenoyl, 2-pentenoyl, 3-pentenoyl, 4-pentenoyl,
and the like. Examples of alkynoyl groups include, without
limitation, propynoyl, 2-butynoyl, 3-butynoyl, 2-pentynoyl,
3-pentynoyl, 4-pentynoyl, and the like.

“Alkoxy,” “alkoxycarbonyl,” and “alkoxycarbonylamino,
refer, respectively, 3 : -0O;
alkyl-O—C(O)—, alkynyl-O—C(O)—; and to alkyl-O—C
(O)—NH—, and alkynyl-O—C(O)—NH—, where alkyl,
alkenyl, and alkynyl are defined above. Examples of alkoxy
groups nclude, without limitation, methoxy, ethoxy, n-pro-
POXY, 1-propoxy, n-butoxy, s-butoxy, t-butoxy, n-pentoxy,
s-pentoxy, and the like. Examples of alkoxycarbonyl groups
include, without limitation, methoxycarbonyl, ethoxycarbo-
nyl, n-propoxycarbonyl, 1-propoxycarbonyl, n-butoxycarbo-
nyl, s-butoxycarbonyl, t-butoxycarbonyl, n-pentoxycarbo-

22

nyl, s-pentoxycarbonyl, and the like.

“Alkylamino,” “‘alkylaminocarbonyl,” “dialkylaminocar-
bonyl,” “alkylsulfonyl,” “alkylsulfinyl,” “sulfonylami-
noalkyl,” and “alkylsulfonylaminocarbonyl™ refer, respec-
tively, to alkyl-NH—, alkyl-NH—C(O)—, alkyl,-N—C

(O)—, alkyl-S(O,)—, alkyl-S(=0)—, HS(O, )}—NH-alkyl-,

and alkyl-S(O)—NH—C(O)—, where alkyl 1s defined above.
“Aminoalkyl” and “cyanoalkyl” refer, respectively, to

NH,-alkyl and N—C-alkyl, where alkyl 1s defined above.

“Halo,” “halogen” and “halogeno” may be used inter-
changeably, and refer to fluoro, chloro, bromo, and 1odo.

“Haloalkyl,” “haloalkenyl,” “haloalkynyl,” “haloal-
kanoyl,” “haloalkenoyl,” “haloalkynoyl,” “haloalkoxy,” and
“haloalkoxycarbonyl™ refer, respectively, to alkyl, alkenyl,
alkynyl, alkanoyl, alkenoyl, alkynoyl, alkoxy, and alkoxycar-
bonyl groups substituted with one or more halogen atoms,
where alkyl, alkenyl, alkynyl, alkanoyl, alkenoyl, alkynoyl,
alkoxy, and alkoxycarbonyl are defined above. Examples of
haloalkyl groups include, without limitation, trifluoromethyl,
trichloromethyl, pentatiuoroethyl, pentachloroethyl, and the
like.

“Hydroxyalky]l” and “oxoalkyl” refer, respectively, to HO-
alkyl and O=alkyl, where alkyl 1s defined above. Examples of
hydroxyalkyl and oxoalkyl groups include, without limita-
tion, hydroxymethyl, hydroxyethyl, 3-hydroxypropyl, oxom-
cthyl, oxoethyl, 3-oxopropyl, and the like.

“Cycloalkyl” refers to saturated monocyclic and bicyclic
hydrocarbon rings, generally having a specified number of
carbon atoms that comprise the ring (1.e., C3-7 cycloalkyl
refers to a cycloalkyl group having 3, 4, 5, 6 or 7 carbon atoms
as ring members). The cycloalkyl may be attached to a parent
group or to a substrate at any ring atom, unless such attach-
ment would wviolate valence requirements. Likewise, the
cycloalkyl groups may include one or more non-hydrogen
substituents unless such substitution would violate valence
requirements.

Examples of monocyclic cycloalkyl groups include, with-
out limitation, cyclopropyl, cyclobutyl, cyclopentyl, cyclo-
hexyl, and the like. Examples of bicyclic cycloalkyl groups
include, without limitation, bicyclo[1.1.0]butyl, bicyclo
[1.1.1]pentyl, bicyclo[2.1.0]pentyl, bicyclo[2.1.1]hexyl,
bicyclo[3.1.0]Jhexyl, bicyclo[2.2.1]heptyl, bicyclo[3.2.0]
heptyl, bicyclo[3.1.1]heptyl, bicyclo[4.1.0]heptyl, bicyclo
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[2.2.2]octyl, bicyclo[3.2.1]octyl, bicyclo[4.1.1]octyl, bicyclo
[3.3.0]octyl,  bicyclo[4.2.0]octyl,  bicyclo[3.3.1]nonyl,
bicyclo[4.2.1]nonyl, bicyclo[4.3.0]nonyl, bicyclo[3.3.2]de-
cyl, bicyclo[4.2.2]decyl, bicyclo[4.3.1]decyl, bicyclo[4.4.0]
decyl, bicyclo[3.3.3Jundecyl, bicyclo[4.3.2]Jundecyl, bicyclo
[4.3.3]dodecyl, and the like, which may be attached to a
parent group or substrate at any of the ring atoms, unless such
attachment would violate valence requirements.

“Cycloalkenyl” refers to monocyclic and bicyclic hydro-
carbon rings having one or more unsaturated carbon-carbon
bonds and generally having a specified number of carbon
atoms that comprise the ring (1.¢., C3-7 cycloalkenyl refers to
a cycloalkenyl group having 3, 4, 5, 6 or 7 carbon atoms as
ring members). The cycloalkenyl may be attached to a parent
group or to a substrate at any ring atom, unless such attach-
ment would violate valence requirements.

Likewise, the cycloalkenyl groups may include one or
more non-hydrogen substituents unless such substitution
would wviolate valence requirements. Uselul substituents
include, without limitation, alkyl, alkenyl, alkynyl, haloalkyl,
haloalkenyl, haloalkynyl, alkoxy, alkoxycarbonyl, alkanoyl,
and halo, as defined above, and hydroxy, mercapto, nitro, and
amino.

“Cycloalkanoyl” and “cycloalkenoyl™ refer to cycloalkyl-
C(O)— and cycloalkenyl-C(O)—, respectively, where
cycloalkyl and cycloalkenyl are defined above. References to
cycloalkanoyl and cycloalkenoyl generally include a speci-
fied number of carbon atoms, excluding the carbonyl carbon.
Examples of cycloalkanoyl groups include, without limita-
tion, cyclopropanoyl, cyclobutanoyl, cyclopentanoyl, cyclo-
hexanoyl,  cycloheptanoyl, 1-cyclobutenoyl,  2-cy-
clobutenoyl, 1-cyclopentenoyl, 2-cyclopentenoyl,
3-cyclopentenoyl, 1-cyclohexenoyl, 2-cyclohexenoyl, 3-cy-
clohexenoyl, and the like.

“Cycloalkoxy™ and “cycloalkoxycarbonyl” refer, respec-
tively, to cycloalkyl-O— and cycloalkenyl-O, and to
cycloalkyl-O—C(O)— and cycloalkenyl-O—C(O)—,
where cycloalkyl and cycloalkenyl are defined above. Refer-
ences to cycloalkoxy and cycloalkoxycarbonyl generally
include a specified number of carbon atoms, excluding the
carbonyl carbon.

Examples of cycloalkoxy groups include, without limita-
tion, cyclopropoxy, cyclobutoxy, cyclopentoxy, cyclohexoxy,
1 -cyclobutenoxy, 2-cyclobutenoxy, 1-cyclopentenoxy, 2-cy-
clopentenoxy, 3-cyclopentenoxy, 1-cyclohexenoxy, 2-cyclo-
hexenoxy, 3-cyclohexenoxy, and the like. Examples of
cycloalkoxycarbonyl groups include, without limitation,
cyclopropoxycarbonyl, cyclobutoxycarbonyl, cyclopentoxy-
carbonyl, cyclohexoxycarbonyl, 1-cyclobutenoxycarbonyl,
2-cyclobutenoxycarbonyl, 1-cyclopentenoxycarbonyl, 2-cy-
clopentenoxycarbonyl, 3-cyclopentenoxycarbonyl, 1-cyclo-
hexenoxycarbonyl, 2-cyclohexenoxycarbonyl, 3-cyclohex-
enoxycarbonyl, and the like.

“Aryl” and “arylene” refer to monovalent and divalent
aromatic groups, respectively, including 5- and 6-membered
monocyclic aromatic groups that contain O to 4 heteroatoms
independently selected from nitrogen, oxygen, and sulfur.
Examples of monocyclic aryl groups include, without limi-
tation, phenyl, pyrrolyl, furanyl, thiopheneyl, thiazolyl,
isothiazolyl, imidazolyl, trniazolyl, tetrazolyl, pyrazolyl,
oxazolyl, 1sooxazolyl, pyridinyl, pyrazinyl, pyridazinyl, pyri-
midinyl, and the like. Aryl and arylene groups also include
bicyclic groups, tricyclic groups, etc., including fused 5- and
6-membered rings as described above. Examples of multicy-
clic aryl groups include, without limitation, naphthyl, biphe-
nyl, anthracenyl, pyrenyl, carbazolyl, benzoxazolyl, benzo-
dioxazolyl, benzothiazolyl, benzoimidazolyl,
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benzothiopheneyl, quinolinyl, 1soquinolinyl, indolyl, benzo-
furanyl, purinyl, indolizinyl, and the like. The aryl and
arylene groups may be attached to a parent group or to a
substrate at any ring atom, unless such attachment would
violate valence requirements.

Likewise, aryl and arylene groups may include one or more
non-hydrogen substituents unless such substitution would
violate valence requirements. Useful substituents include,
without limitation, alkyl, alkenyl, alkynyl, haloalkyl, haloalk-
enyl, haloalkynyl, cycloalkyl, cycloalkenyl, alkoxy,
cycloalkoxy, alkanoyl, cycloalkanoyl, cycloalkenoyl,
alkoxycarbonyl, cycloalkoxycarbonyl, and halo, as defined
above, and hydroxy, mercapto, nitro, amino, and alkylamino.

“Heterocycle” and “heterocyclyl” refer to saturated, par-
tially unsaturated, or unsaturated monocyclic or bicyclic
rings having from 5 to 7 or from 7 to 11 ring members,
respectively. These groups have ring members made up of
carbon atoms and from 1 to 4 heteroatoms that are indepen-
dently nitrogen, oxygen or sulfur, and may include any bicy-
clic group 1n which any of the above-defined monocyclic
heterocycles are fused to a benzene ring. The nitrogen and
sulfur heteroatoms may optionally be oxidized. The hetero-
cyclic ring may be attached to a parent group or to a substrate
at any heteroatom or carbon atom unless such attachment
would violate valence requirements. Likewise, any of the
carbon or nitrogen ring members may include a non-hydro-
gen substituent unless such substitution would wviolate
valence requirements. Usetul substituents include, without
limitation, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl,
haloalkynyl, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy,
alkanoyl, cycloalkanoyl, cycloalkenoyl, alkoxycarbonyl,
cycloalkoxycarbonyl, and halo, as defined above, and
hydroxy, mercapto, nitro, amino, and alkylamino.

Examples of heterocycles include, without limitation,
acridinyl, azocinyl, benzimidazolyl, benzofuranyl, ben-
zothiofuranyl, benzothiophenyl, benzoxazolyl, benzthiaz-
olyl, benztriazolyl, benztetrazolyl, benzisoxazolyl, ben-
zisothiazolyl, benzimidazolinyl, carbazolyl, 4aH-carbazolyl,
carbolinyl, chromanyl, chromenyl, cinnolinyl, decahydro-
quinolinyl, 2H, 6H-1,5,2-dithiazinyl, dihydrofuro[2,3-b]tet-
rahydrofuran, furanyl, furazanyl, imidazolidinyl, imidazoli-
nyl, 1midazolyl, 1H-indazolyl, indolenyl, 1indolinyl,
indolizinyl, indolyl, 3H-indolyl, 1sobenzofuranyl, 1sochro-
manyl, 1soindazolyl, 1soindolinyl, 1soindolyl, isoquinolinyl,
isothiazolyl, 1soxazolyl, morpholinyl, naphthyridinyl,
octahydroisoquinolinyl, oxadiazolyl, 1,2,3-oxadiazolyl, 1,2,
4-oxadiazolyl, 1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl, oxazo-
lidinyl, oxazolyl, oxazolidinyl, pyrimidinyl, phenanthridinyl,
phenanthrolinyl, phenazinyl, phenothiazinyl, phenoxathii-
nyl, phenoxazinyl, phthalazinyl, piperazinyl, pipenidinyl, pte-
ridinyl, purinyl, pyranyl, pyrazinyl, pyrazolidinyl, pyrazoli-
nyl, pyrazolyl, pyridazinyl, pyridooxazole, pyridoimidazole,
pyridothiazole, pyridinyl, pyridyl, pyrimidinyl, pyrrolidinyl,
pyrrolinyl, 2H-pyrrolyl, pyrrolyl, quinazolinyl, quinolinyl,
4H-quinolizinyl, quinoxalinyl, quinuclidinyl, tetrahydrotura-
nyl, tetrahydroisoquinolinyl, tetrahydroquinolinyl, 6H-1,2,5-
thiadiazinyl, 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,2.5-
thiadiazolyl, 1,3,4-thiadiazolyl, thianthrenyl, thiazolyl,
thienyl, thienothiazolyl, thienooxazolyl, thienoimidazolyl,
thiophenyl, tnazinyl, 1,2,3-tnnazolyl, 1,2,4-triazolyl, 1,2,5-
triazolyl, 1,3,4-triazolyl, and xanthenyl.

“Heteroaryl” and “heteroarylene™ refer, respectively, to
monovalent and divalent heterocycles or heterocyclyl groups,
as defined above, which are aromatic. Heteroaryl and het-
eroarylene groups represent a subset of aryl and arylene
groups, respectively.
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“Arylalky]l” and “heteroarylalkyl” refer, respectively, to
aryl-alkyl and heteroaryl-alkyl, where aryl, heteroaryl, and
alkyl are defined above. Examples include, without limita-
tion, benzyl, fluorenylmethyl, imidazol-2-yl-methyl, and the

like.
“Arylalkanoyl,” “heteroarylalkanoyl,” “arylalkenoyl,”
“heteroarylalkenoyl,” “arylalkynoyl,” and ‘“heteroaryla-

lkynoyl” refer, respectively, to aryl-alkanoyl, heteroaryl-al-
kanoyl, aryl-alkenoyl, heteroaryl-alkenoyl, aryl-alkynoyl,
and heteroaryl-alkynoyl, where aryl, heteroaryl, alkanoyl,
alkenoyl, and alkynoyl are defined above. Examples include,
without limitation, benzoyl, benzylcarbonyl, fluorenoyl,
fluorenylmethylcarbonyl, imidazol-2-oyl, imidazol-2-yl-me-
thylcarbonyl, phenylethenecarbonyl, 1-phenylethenecarbo-
nyl, 1-phenyl-propenecarbonyl, 2-phenyl-propenecarbonyl,
3-phenyl-propenecarbonyl, 1midazol-2-yl-ethenecarbonyl,
1-(1midazol-2-yl)-ethenecarbonyl, 1-(1midazol-2-yl)-pro-
penecarbonyl, 2-(1midazol-2-yl)-propenecarbonyl, 3-(1mida-
zol-2-yl)-propenecarbonyl, phenylethynecarbonyl, phenyl-
propynecarbonyl, (1midazol-2-yl)-ethynecarbonyl,
(imidazol-2-yl)-propynecarbonyl, and the like.

“Arylalkoxy” and “heteroarylalkoxy” refer, respectively,
to aryl-alkoxy and heteroaryl-alkoxy, where aryl, heteroaryl,
and alkoxy are defined above. Examples include, without
limitation, benzyloxy, fluorenylmethyloxy, imidazol-2-yl-
methyloxy, and the like.

“Aryloxy” and “heteroaryloxy” refer, respectively, to aryl-
O— and heteroaryl-O—, where aryl and heteroaryl are
defined above. Examples include, without limitation, phe-

noxy, imidazol-2-yloxy, and the like.
“Aryloxycarbonyl,” “heteroaryloxycarbonyl,” “aryla-
lkoxycarbonyl,” and ‘“heteroarylalkoxycarbonyl” refer,

respectively, to arvloxy-C(O)—, arylalkoxy-C(O)—, het-
croarylalkoxy-C(O)—, where aryloxy, heteroaryloxy, aryla-
lkoxy, and heteroarylalkoxy are defined above. Examples
include, without limitation, phenoxycarbonyl, 1midazol-2-
yloxycarbonyl, benzyloxycarbonyl, fluorenylmethyloxycar-
bonyl, imidazol-2-yl-methyloxycarbonyl, and the like.

“alkylthio,” “alkylthioalkyl,” and ““arylthio,” refer, respec-
tively, to —S-alkyl, alkyl substituted with alkylthio, and —S-
aryl, where alyl and aryl are defined above.

“arylsulfonyl” and “arylsulfinyl” refer, respectively, to
aryl-S(O,)— and aryl-S(=0)—, where aryl 1s defined
above.

Poly(3,4-ethylenedioxythiophene)poly(styrenesulfonate)
[PEDOT:PSS] 1s an example of an electrically conductive
polymer that can be modified according to embodiments
described herein.

In the present disclosure, water-soluble electrically con-
ductive polymers and a composition including such polymers
are provided. The electrically conductive polymers according
to the present disclosure have one or more hydrophilic side
chains. Hydrophilic side chains are covalently bonded to the
conductive polymers, which allow the polymer to be stable at
high temperature. The covalently bound hydrophilic side
chains of the polymers do not evaporate like dopants used to
make traditional [PEDOT:PSS| maternials. Thus, in some
embodiments of electrically conductive polymers described
herein, the polymers are more soluble and/or more stable
compared to known [PEDOT:PSS] polymers.

The concentration of hydrophilic side chains present on
one or more of the monomer units of the conductivity poly-
mers described herein may be changed. In one embodiment,
the concentration may be changed by adjusting the ratio of
one or more first electrically conductive monomer that
includes hydrophilic side chains to one or more second elec-
trically conductive monomers that do not include hydrophilic
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side chains. Through hydrogen bonding with the hydrophilic
side chains, a trace amount of water can be born in the matrix.
Water molecules and hydrophilic side chains can play a role
in facilitating electron transport 1n the matrix of the electri-
cally conductive polymers.

Aqueous solutions of the first and second electrically con-
ductive monomers can be used to manufacture electrically
conductive polymers having a desired ratio of monomers so
as to impart a desired solubility and/or desired conductivity.
For example, a solution with a particular concentration of one
or more first monomers having hydrophilic side groups can be
mixed with a solution with a particular concentration of one
or more second monomers that do not have hydrophilic side
chains to achieve a desired ratio of first monomers to second
MONOmers.

Electrically conductive polymers manufactured according
to the methods described herein can facilitate fabrication of a
ductile film exhibiting tunable conductivity. Furthermore,
high levels of surface-resistance uniformity can be achieved
in the field of coating technology that uses eco-iriendly water-
based solvents to relatively uniformly and quickly coat the
conductive polymer onto substrates, such as, but not limited
to plastic film surfaces, such as polycarbonate, polyethylene
terephthalate (PET) or polyethylene naphthalate (PEN).
Other substrates, such as patterned or planar semiconductor
substrates may also be used.

In one embodiment, such an electrically conductive poly-
mer 1s a polymer including at least one repeating unit of
Formula 1 and Formula 2:

|Formula 1]
R
|
A
|Formula 2]
Ry
|
—B—

In Formulas 1 and 2, A and B are independently at least one
member selected from the group 1ncluding phenylene, phe-

nylene vinylene, pyrrolylene, pyrrolylene vinylene, thie-

nylene, thienylene wvinylene, fluorenylene, fluorenylene
vinylene, furanylene, furanylene wvinylene, phenothiazi-
nylene, phenothiazinylene vinylene, phenazinylene, phenazi-
nylene vinylene, phenoxazinylene and phenoxazinylene
vinylene, which are unsubstituted or substituted with one or
more substituents. The substituents are independently
selected from the group including hydroxyl, alkyl, alkenyl,
alkynyl, alkynovl,

alkoxy, alkoxycarbonyl, alkoxycarbonylamino, alkylamino,

alkanoyl, alkanoylamino, alkenoyl,

alkylaminocarbonyl, dialkylaminocarbonyl, alkylsulifonyl,

alkylsulfinyl, sulfonylaminoalkyl, alkylsulfonylaminocarbo-
nyl, aminoalkyl, cyanoalkyl, halogen, haloalkyl, haloalkenyl,
haloalkynovl,
haloalkoxy, haloalkoxycarbonyl, hydroxyalkyl, oxoalkyl,

haloalkynyl, haloalkanoyl, haloalkenoyl,

cycloalkyl, cycloalkenyl, cycloalkanoyl, cycloalkenoyl,

cycloalkoxy, cycloalkoxycarbonyl, aryl, arylene, hetero-

cycle, heterocyclyl, heteroaryl, heteroarylene, arylalkyl, het-
croarylalkyl, arylalkanoyl, heteroarylalkanoyl, arylalkenoyl,

heteroarylalkenoyl, arylalkynoyl, heteroarylalkynoyl, aryla-
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lkoxy, heteroarylalkoxy, aryloxy, heteroaryloxy, aryloxycar-
bonyl, heteroarylxoycarbonyl, arylalkoxycarbonyl, het-
croarylalkoxycarbonyl, alkythio, alkylthioalkyl, arylthio,
arylsulionyl and arylsulfinyl. Or, the substituents together
may form an alkylene or alkenylene chain completing a 3, 4,
35, 6, or 7-membered aromatic or alicyclic ring. The ring may
optionally include one or more divalent nitrogen, sulfur or
oxygen atoms and the substituents may be further substituted
or unsubstituted. In Formulas 1 and 2, R, represents

and R, represents

e

Rg

In Formulas 1 and 2, R, R, R, R, R, and R, are indepen-
dently hydrogen, alkyl, ammonium or

K Ro.
’é \“‘o%
d

with the proviso that at least one of R, R, R, R, R, and R

1S ammonium or
K R,
£
d

In Formulas 1 and 2, K represents alkylene having one or two
carbon atoms and d 1s 1 to 3. In Formulas 1 and 2, Ry 1s
hydroxyl, carboxylic acid, sulfomic acid, or a straight or
branched alkyl which 1s unsubstituted or substituted with
hydroxvl. The polymer has a degree of polymerization of 100
to 1,000.

In Formulas 1 and 2, A and B are not limited to the exem-
plified monomers, and any monomer electrically conductive
polymers can be used. A and B may be unsubstituted or
substituted monomers which include electrically conductive
polymers, and if any, the substituent can be further substituted
with the above defined substituent. A and B may be the same
or different monomers.

Typically, at least one of R, R, R, R, R, and Ry 1s

Lo ™

which represents a hydrophilic side chain. In the terminus of
hydrophilic side chains, there are hydrophilic groups such as
hydroxyl, carboxylic acid, sulfonic acid, or a straight or
branched alkyl which 1s unsubstituted or substituted with
hydroxyl. The hydrophilic groups increase hydrogen bonds
between the polymer and water, thereby increasing water-
solubility. The hydrophilic side chain can be comprised 1n
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either the repeating unit of formula 1 or the repeating unit of
formula 2, or both of them. In order to easily control the
concentration of the hydrophilic side chains, the hydrophilic
side chain may be comprised 1n only one of the repeating unit
of formula 1 and the repeating unit of formula 2.

Although the hydrophilic side chain can provide more
water-solubility, if the hydrophilic side chain 1s too large, the
conductivity may decrease. Therefore, the ratio of the repeat-
ing umt comprising the hydrophilic side chain in the polymer
may be adjusted to optimize or tune electrical conductivity.
Also, 1n order to increase electrically conductivity, a mono-
mer with higher conductivity can be comprised 1n the poly-
mer 1n a large ratio. Considering the conductivity of mono-
mers and the presence of hydrophilic side chain i the
clectrically conductive polymer, the ratio of the repeating unit
of formula 1 and the repeating unit of formula 2 can be
controlled, for example, 1n the range o1 0.1:1 to 10:1.

Moreover, the ratio of the repeating unit comprising the
hydrophilic side chains may be varied depending on the con-
centration of the hydrophilic side chains 1n the repeating unait.
As the concentration of the hydrophilic side chains increases,
the conductivity may decrease. Theretfore, the control of the
ratio of the repeating umt comprising the hydrophilic side
chains and the concentration of hydrophilic side chains
allows polymers with tunable conductivity to be prepared.

In one embodiment, the repeating unit of Formula 1 and the
repeating unit of Formula 2 are independently represented by
Formula 3, Formula 4, or Formula 5.

|Formula 3]
Rio Rio
/5N
/ 0\
O O
I
T
|Formula 4]
/ Rip Ryf \
/ \
O O
x\'/
|Formula 5]
O O
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In Formulas 3-5, X, X, and X, are independently NH, O,
S,orPHand R, . R,,, R, R;;, R,,,and R, ,. independently
represent

and

In Formulas 3-3, R;, R, R, R, R, and R are indepen-
dently hydrogen, alkyl, ammonium or

K Rg,
£y
d

with the proviso that at least one of R, R, R, R, R, and R

1S ammonium or
K Ro.
£
d

In Formulas 3-3, K represents alkylene having one or two
carbon atoms and d 1s 1 to 3. In Formulas 3-35, R, 1s hydroxyl,

carboxylic acid, sulfonic acid, or a straight or branched alkyl
which 1s unsubstituted or substituted with hydroxyl. The
polymer has a degree of polymerization of 100 to 1,000.

In another embodiment, X, X, and X, are independently S
and R, R, R;1, Ry;, K5 and R, independently represent

and

In this embodiment, R, R, R, R, R, and R, are indepen-
dently hydrogen, alkyl, ammonium or

K Ro,
d
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with the proviso that at least one of R5, R, R, R, R, and R

1S ammonium or
K R,
£y
d

In this embodiment, K represents alkylene having one or
two carbon atoms and d 1s 1 to 3. R, 1s hydroxyl, carboxylic
acid, sulfonic acid, or a straight or branched alkyl which 1s
unsubstituted or substituted with hydroxyl. The polymer has
a degree of polymerization of 100 to 1,000.

In yet another embodiment, R,, R,, and R, are indepen-
dently hydrogen, alkyl, ammonium or

K Ry,
d

with the proviso that at least one of R;, R, and R, 1s ammo-

nium or
K Ro.
/é \09/
d

In this embodiment, K represents alkylene having one or
two carbon atoms and d 1s 1 to 3. R, 1s hydroxyl, carboxylic
acid, sulfonic acid, or a straight or branched alkyl which 1s
unsubstituted or substituted with hydroxyl and R, R, and R
are mdependently hydrogen or alkyl.

In any of the foregoing formulas, polymeric acids or any
Lewis acids can be used as electron acceptors.

A composition including a polymer according to the
present disclosure 1s also provided. To fabricate a conductive
film or layer using a conductive polymer of the present dis-

closure, the conductive polymer can be dispersed 1n a solvent
to prepare a composition. Any solvent can be used for the
conductive polymer composition as long as it can substan-
tially dissolve the conductive polymer. In 1llustrative embodi-
ments, solvents usetul in the present disclosure can include,
but are not limited to, water, alcohol, or mixtures thereof.

The composition may further include other water-soluble
or dispersible matenals. Depending on the final application of
the polymer of the present disclosure, examples of types of
additional water-soluble or dispersible materials which can
be added include, but are not limited to, polymers, dyes,
coating aids, carbon nanotubes, metal nanowires and nano-
particles, organic and 1morganic conductive inks and pastes,
charge transport materials, piezoelectric, pyroelectric, or fer-
roelectric oxide nano-particles or polymers, photoconductive
oxide nanoparticles or polymers, dispersing agents, and com-
binations thereol. The materials can be simple molecules or
polymers. Examples of other suitable water-soluble or dis-
persible polymers include, but are not limited to, polyacryla-
mide, polyvinylalcohol, poly(2-vinylpridine), poly(vinylac-
ctate), poly(vinylmethylether), poly(vinylpyrrolidone), poly
(vinylbutyral), poly(styrenesulfonic acid), and conductive
polymers such as polythiophenes, polyamlines, polyamines,
polypyrroles, polyacetylenes, and combinations thereof.

The polymer of the present disclosure can be employed 1n
the form of blend materials with well-known conductive
polymers. In one embodiment, the present composition fur-
ther comprises poly(3.,4-ethylenedioxythiophene)poly(styre-
nesulfonate) [PEDOT:PSS].
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An electrically conductive layer or film formed from the
above compositions 1s also provided. The conductivity of the
clectrically conductive layer or film may have conductivity in
the range of 100 to 1000 S/cm. As mentioned above, the
conductivity can be tuned by controlling the ratio of of the
repeating unit comprising the hydrophilic side chains 1n the
polymer or the concentration of hydrophilic chains. Such
controlling can tune the conductivity in the range of about 100
to 300 S/cm.

The term “layer” or “film™ refers to a coating at least
partially, or completely covering a desired area and may be
used interchangeably. The area can be as large as an entire
device or as small as a specific functional area, such as an
actual visual display or even a single sub-pixel. The layers or
films can be formed by any conventional deposition tech-
nique, including vapor deposition and liquid deposition.
However, considering the solubility of the present polymer 1n
aqueous solution, liquid deposition would provide more con-
venience and enable a large patterned layer or film to be
tabricated more easily. Typical liquid deposition techniques
include, but are not limited to, continuous deposition tech-
niques such as spin coating, gravure coating, curtain coating,
dip coating, slot-die coating, spray coating, continuous
nozzle coating, and doctor blade coating; and discontinuous
deposition techniques such as ink-jet printing, gravure print-
ing, and screen printing.

In one embodiment, a film or layer 1s formed by applying
the composition (which includes the electrically conductive
polymer described herein) on a substrate and then allowing or
causing at least a portion of the solvent to be removed or
otherwise processed to form a structure. The film or layer can
be removed from the substrate or remain as a fixed and per-
manent electrically conductive structure on the substrate. In
one embodiment, to form the film or layer, a suificient amount
of solvent may be removed to make the layer or film non-
flowable, thereby forming the electrically conductive layer or
f1lm. The composition may also be processed using any tech-
niques in the art to remove any portion of the solvent and/or to
induce changes 1n the solvent to form the structure of the film
or layer. Examples of suitable techniques for forming the
layer or film from a composition deposited on a substrate
include heating, polymerization, polymer cross-linking,
chemical treatment, and the like. Where heating 1s used to
drive off the solvent, the temperature can be selected to be
above the boiling point of the solvent. In one embodiment, the
temperature may be greater than about 80° C., or greater than
about 100° C., or even greater than about 120° C. In some
cases, 1t can be advantageous to use a relatively volatile sol-
vent to mimmize heating needed to remove the solvent. In one
embodiment, the temperature 1s less than 180° C., more spe-
cifically less than about 120° C., or less than 100° C. Solvents
beyond these temperature ranges may also be used so long as
the electrically conductive polymer can maintain 1ts intended
function up heating to such a temperature. Moreover, the
foregoing maximums and minimums can form the upper and
lower end points for ranges of desired temperatures for heat-
ing the composition.

The conductive polymer of the present disclosure can be
used as an electrode or an electrode butler layer to increase
quantum efficiency. In an organic transistor, the conductive
polymer can be used as an e¢lectrode material for a gate, a
source-drain electrode, and the like. Further, 1n an electronic
device, the conductive polymer compositions can be depos-
ited to form bulfer layers. The term “buller layer” as used
herein 1s intended to mean an electrically conductive or semi-
conductive layer which can be used between an anode and an
active organic material. A butler layer 1s believed to accom-
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plish one or more functions 1n an organic electronic device,
including, but not limited to, planarization of the underlying
layer, hole transport, hole 1njection, scavenging of impurities
such as oxygen and metal 10ns, among other aspects to facili-
tate or to improve the performance of an organic electronic
device.

There are also provided articles including at least one elec-
trically conductive layer formed from the above conductive
polymer composition. For example, organic electronic
devices that may benefit from having one or more layers made
from the composition include, but are not limited to, (1)
devices that convert electrical energy into radiation (e.g., a
light-emitting diode, light emitting diode displays, liquid
crystal displays, electronic paper, touchscreens, or diode
lasers), (2) devices that detect signals through electronics
processes (e.g., photodetectors, photoconductive cells, pho-
toresistors, photoswitches, phototransistors, phototubes, IR
detectors), (3) devices that convert radiation into electrical
energy, (e.g., a photovoltaic device or solar cell), and (4)
devices that include one or more electronic components that
include one or more organic semi-conductor layers (e.g., a
transistor or diode). Other uses for the compositions include
coating materials for memory storage devices, antistatic
films, biosensors, electrochromic devices, solid electrolyte
capacitors, energy storage devices such as a rechargeable
battery, electromagnetic wave shielding films, window de-
icers, heat reflectors, and architectural materials. As men-
tioned above, the conductivity of electrically conductive layer
or film can be tuned by controlling the ratio of the repeating
unit comprising the hydrophilic side chains 1n the polymer or
the concentration of hydrophilic chains. If the layers or films
have high conductivity, they can be used for OLEDs, solar
cells, LCDs and the like. On the other hand, 1t layers or films
have low conductivity, they can be used for electro-optic
modulators, microresonators, interferometers, optical
switches, directional couplers, multiplexers and the like.

As an example, an organic electroluminescent device
employing the composition of a conducting polymer will now
be described. The present disclosure will be further made
clear from the following example described 1n detail. How-
ever, 1t 1s to be understood that the present disclosure 1s not
limited thereto, but may be otherwise variously embodied and
practiced.

Those of ordinary skill 1n the art will appreciate that, for
this and other processes and methods disclosed herein, the
functions performed in the processes and methods may be
implemented 1n differing order. Furthermore, the outlined
steps and operations are provided only as examples, and some
of the steps and operations may be optional, combined into
fewer steps and operations, or expanded to include additional
steps and operations without detracting from the essence of
the present disclosure.

EXAMPL

L1l

Example 1

Preparation of an Electrically Conductive Polymer
Having Hydrophilic Side Chains

An electrically conductive polymer having hydrophilic
side chains 1s prepared as the scheme of FIG. 1.

(1) Synthesis of Compound 2

Calibrated amounts of 2,2'-(3,4-dihydro-2H-thieno[3,4-b]
[1,4]dioxepine-3,3-diyl)diethanol (compound 1), sodium
naphthalene 1n tetrahydrotfuran (THF), and ethylene oxide
(EO), each 1n an ampoule were fitted 1nto a flamed flask and
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sealed off the vacuum line. 2,2'-(3,4-dihydro-2H-thieno|3,4-
b][1,4]dioxepine-3,3-diyl)diethanol and THF were first intro-
duced into the dried tlask and then reacted with sodium naph-
thalene 1in THF. Then EO was introduced to the flask and
polymerized at 40° C. for 3 days. The precipitated mac-
romonomer was collected by filtration.

(2) Synthesis of Compound 3

The compound 2 and acetyl chloride was mixed 1n dried
THF 1n the presence of sodium hydroxide aqueous solution.
The reaction was kept for 6 hr at 50° C. The reaction mixture
was poured into n-hexane/ether (1:1 v:v). The precipitates
were filtered for the next reaction.

(3) Synthesis of Compound 4

Bromination was performed by conventional method using
NBS (N-bromosucciimide) in the presence of acetic acid. The
resultant product was purified by re-precipitation in n-hex-
ane.

(4) Synthesis of Compound 5

Deprotection of acetyl group was performed 1n THF solu-
tion with a trace amount of hydrochloric acid solution (0.1 N).
Acetyl group was removed to yield compound 5. It was puri-
fied by re-precipitation into ether and ethanol.

(5) Synthesis of Compound 6

2-(2-(5-bromothiophen-3-yl)ethoxy)ethanol was  dis-
solved 1n dried tetrahydrofuran and compound 6 was also
dissolved 1n the mother mixture with a trace amount of
lithium diisopropylamide (LDA) at —40° C. (Kumada cross
coupling method or Yamamoto coupling method). 1,3-Bis
(diphenylphosphino )propane]dichloronickel(Il) can be used
as a catalyst. The product was poured 1nto ethanol. The solid
was filtered to be dried under vacuum for 2 days at 80° C.

Example 2

Preparation of Electrode of Flexible Device Using
the Flectrically Conductive Polymer Having

Hydrophilic Side Chains

Theresulting polymers of Example 1 are dissolved 1n water
to prepare a polymer composition.

The polymer composition 1s used as an electrode of a
flexible display device. The flexible display device generally
comprises an anode layer, a hole 1njection layer, an electrolu-
minescent layer, a cathode layer, and a flexible organic film. A
transparent plastic substrate having good manageability and
waterprooiness 1s used as the flexible organic film.

The flexible display device 1s manufactured using a typical
method of preparing display devices, which are not particu-
larly limited. First, an anode layer or cathode layer as a first
clectrode 1s formed on the plastic substrate. The first electrode
layer 1s formed by spin coating the above polymer composi-
tion on the plastic substrate, then a patterned mask 1s posi-
tioned on the substrate, and the substrate 1s exposed to about
254 nm of UV light to induce photocrosslinking between
cinnamoyl groups in the polymer. Then, the substrate is
washed with water to remove the unhardened part of the first
clectrode layer, thereby obtaining a patterned electrode.

The hole mjection layer 1s formed on the first electrode.
The formation of the hole injection layer reduces contact
resistance of the first electrode and the electroluminescent
layer and improves the electron transport ability of the first
clectrode to the electroluminescent layer, thereby improving
the driving voltage and the lifetime of the electroluminescent
device.
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The hole injection layer (also referred to as the butler layer)
1s Tormed by spin coating on the first electrode and drying it.
Typical conducting polymers employed as bufler layers
include polyaniline and polydioxythiophenes such as poly(3,
4-ethylenedioxythiophene) (PEDOT). These materials can be
prepared by polymerizing aniline or dioxythiophene mono-
mers 1n aqueous solution 1n the presence of a water-soluble
polymeric acid, such as poly(styrenesulfonic acid) (PS SA),
or poly(2-acrylamido-2-methyl-1-propanesulfonic acid)
(“PAAMPSA”™), as described in, for example, U.S. Pat. No.
5,300,575 and published 1n PCT application WO 02/065484.
A well known PEDOT/PSS material 1s Baytron®-P, commer-
cially available from H. C. Starck, GmbH (Leverkusen, Ger-
many ).

The electroluminescent layer 1s formed on the hole 1njec-
tion layer. A material for the electroluminescent layer 1s not
particularly limited, but examples thereof include oxadiazole
dimer dyes (Bis-DAPDXP), spiro compounds (Spiro-
DPVB1, Spiro-6P), triarylamine compounds, bis(styryl)
amine (DPVBi1, DSA), Firpic, CzT1, Anthracene, TPB,
PPCP, DST, TPA, OXD-4, BBOT, AZM-Zn, etc. which are

blue materials, Coumarin 6, C545T, Quinacridone, Ir(ppy)s.
etc., which are green materials, and DCM1, DCM2, Eu
(thenoyltrifluoroacetone);(Eu(1TA);), butyl-6-(1,1,7,7-tet-
ramethyljulohidyl-9-enyl)-4H-pyran (DCITB), etc., which
are red materials. In addition, examples of the light-emitting
polymer material include polymers such as phenylene, phe-
nylene vinylene, thiophene, fluorene, and spiro-fluorene-
based polymers and aromatic compounds containing nitro-
gen, but are not limited thereto.

The electroluminescent layer forming a composition may
further includes a dopant, 11 desired. The amount of the
dopant may vary depending on the material for the electrolu-
minescent layer, but may be generally 30-80 parts by weight
based on 100 parts by weight of a material for the electrolu-
minescent layer (total weight of the host and the dopant).
When the amount of the dopant 1s not within this range, the
luminous characteristics of an electroluminescent display
device are reduced. Examples of the dopant include ary-
lamine, perylenes, pyrroles, hydrazones, carbazoles, stil-
benes, starburstes, oxadiazoles and derivatives thereof.

The hole transport layer may be optionally formed between
the hole 1njection layer and the electroluminescent layer.

The material for the hole transport layer 1s not particularly
limited, but may be selected from a compound having a
carbazole group and/or an arylamine group, which transport
clectrons, a phthalocyanine-based compound, and a triph-
enylene derivative. More particularly, the electron transport
layer (HTL) may be composed of at least one material
selected from the group consisting of 1,3,5-tricarbazolylben-
zene, 4,4'-biscarbazolylbiphenyl, polyvinylcarbazole, m-bis-
carbazolylbenzene, 4,4'-biscarbazolyl-2,2'-dimethylbiphe-
nyl, 4.,4'.4"-tn(N-carbazolyl)triphenylamine, 1,3,5-tr1(2-
carbazolylphenyl)benzene, 1,3,5-tr1s(2-carbazolyl-5-
methoxyphenyl)benzene, bis(4-carbazolylphenyl)silane,
N,N'-bi1s(3-methylphenyl)-N,N'-diphenyl-[ 1,1-biphenyl]-4,
4'-diamine (TPD), N,N'-di(naphthalene-1-y1)-N,N'-diphenyl
benzidine (a.-NPD), N.N'-diphenyl-N,N'-b1s(1-naphthyl)-(1,
1'-biphenyl)-4,4'-diamine (NPB), IDE320 (Idemitsu Kosan
Co., LTD.), poly(9,9-dioctyltluorene-co-N-(4-butylphenyl)
diphenylamine (TFB), and poly(9,9-dioctylfluorene-co-bis-
N,N-phenyl-1,4-phenylenediamine) (PFB), but are not lim-
ited thereto. The hole blocking layer may be composed of
phenanthrolines (e.g., BCP available from UDC), imidazoles,
triazoles, oxadiazoles (e.g., PBD), aluminium complex
(available from UDC), or BAlg and the like.
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Then, the second electrode 1s formed on the resultant and
sealed to complete an organic electroluminescent device. The
material for the second electrode 1s not particularly limaited,
but may be a metal having a low work function, 1.e., L1, Cs,
Ba, Ca, Ca/Al, LiF/Ca, LiF/Al, BaF,/Ca, Mg, Ag, Al, or an
alloy thereot, or a multilayer thereof.

The organic electroluminescent device of the present dis-
closure does not require a particular apparatus or method for
manufacturing, 1t and can be manufactured using a conven-
tional manufacturing method.

The present disclosure 1s not to be limited 1n terms of the
particular examples described in this disclosure. Many modi-
fications and variations can be made without departing from
its spirit and scope, as will be apparent to those skilled 1n the
art. Functionally equivalent methods and apparatuses within
the scope of the disclosure, 1n addition to those enumerated
herein, will be apparent to those skilled in the art from the
foregoing descriptions. Such modifications and variations are
intended to fall within the scope of the appended claims. The
present disclosure 1s to be limited only by the terms of the
appended claims, along with the full scope of equivalents to
which such claims are entitled. It 1s to be understood that this
disclosure 1s not limited to particular methods, reagents, com-
pounds, or compositions, which can, of course, vary. It1s also
to be understood that the terminology used herein 1s for the
purpose of describing particular examples only, and 1s not
intended to be limiting.

With respect to the use of substantially any plural and/or
singular terms herein, those having skill in the art can trans-
late from the plural to the singular and/or from the singular to
the plural as 1s appropriate to the context and/or application.
The various singular/plural permutations may be expressly
set forth herein for sake of clanty.

As used herein, the terms “comprises,” “comprising,”
“includes,” “including,” “has,” “having” or any other varia-
tion thereof, are intended to cover a non-exclusive inclusion.
For example, a process, method, article, or apparatus that
comprises a list of elements 1s not necessarily limited to only
those elements but may include other elements not expressly
listed or inherent to such process, method, article, or appara-
tus.

It will be understood by those within the art that, in general,
terms used herein, and especially i the appended claims
(e.g., bodies of the appended claims) are generally intended
as “open” terms (e.g., the term “including” should be inter-
preted as “including but not limited to,” the term “having”
should be mterpreted as “havmg at least,” the term “includes™
should be 1interpreted as “includes but 1s not limited to,” etc.).
It will be further understood by those within the art that if a
specific number of an mtroduced claim recitation 1s intended,
such an intent will be explicitly recited 1n the claim, and in the
absence of such recitation no such intent 1s present. For
example, as an aid to understanding, the following appended
claims may contain usage of the introductory phrases “at least
one” and “one or more” to introduce claim recitations. How-
ever, the use of such phrases should not be construed to imply
that the introduction of a claim recitation by the indefinite
articles “a” or “an” limits any particular claim containing
such 1ntroduced claim recitation to embodiments containing
only one such recitation, even when the same claim includes
the introductory phrases “one or more” r “at least one”” and
indefinite articles such as “a” an” (e.g., “a” and/or “an”
should be interpreted to mean at least one” or “one or
more”); the same holds true for the use of definite articles
used to introduce claim recitations. In addition, even 1f a
specific number of an introduced claim recitation 1s explicitly
recited, those skilled 1n the art will recognize that such reci-
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tation should be interpreted to mean at least the recited num-
ber (e.g., the bare recitation of “two recitations,” without
other modifiers, means at least two recitations, or two or more
recitations). Furthermore, 1n those instances where a conven-
tion analogous to ““at least one of A, B, and C, etc.” 1s used, in
general such a construction 1s intended 1n the sense one hav-
ing skill 1n the art would understand the convention (e.g., “a
system having at least one of A, B, and C” would include but
not be limited to systems that have A alone, B alone, C alone,
A and B together, A and C together, B and C together, and/or
A, B, and C together, etc.). It will be further understood by
those within the art that virtually any disjunctive word and/or
phrase presenting two or more alternative terms, whether 1n
the description or claims, should be understood to contem-
plate the possibilities of including one of the terms, either of
the terms, or both terms. For example, the phrase “A or B” will
be understood to include the possibilities of “A” or “B” or “A
and B.”

In addition, where features or aspects of the disclosure are
described 1n terms of Markush groups, those skilled 1n the art
will recognize that the disclosure 1s also thereby described in
terms of any individual member or subgroup of members of
the Markush group.

As will be understood by one skilled 1n the art, for any and
all purposes, such as 1n terms of providing a written descrip-
tion, all ranges disclosed herein also encompass any and all
possible subranges and combinations of subranges thereof.
Any listed range can be easily recognized as suiliciently
describing and enabling the same range being broken down
into at least equal halves, thirds, quarters, fifths, tenths, etc. As
a non-limiting example, each range discussed herein can be
readily broken down into a lower third, middle third and
upper third, etc. As will also be understood by one skilled 1n
the art all language such as “up to,” “at least,” “greater than,”
“less than,” and the like include the number recited and refer
to ranges which can be subsequently broken down 1nto sub-
ranges as discussed above. Finally, as will be understood by
one skilled 1n the art, a range 1includes each individual mem-
ber. Thus, for example, a group having 1-3 cells refers to
groups having 1, 2, or 3 cells. Similarly, a group having 1-5
cells refers to groups having 1, 2, 3, 4, or 5 cells, and so forth.”

While various aspects and embodiments have been dis-
closed herein, other aspects and embodiments will be appar-
ent to those skilled 1n the art. The various aspects and embodi-
ments disclosed herein are for purposes of illustration and are
not itended to be limiting, with the true scope and spirt
being indicated by the following claims.

e Y 4

The mvention claimed 1s:
1. A method for manufacturing an electrically conductive
layer or film of an electronic device, comprising:
forming an intermediate composition comprising a solvent
and an electrically conductive polymer, the polymer
including n repeating units of Formula 1 and Formula 2:

|[Formula 1]

|Formula 2]

wherein,
A and B are independently at least one member selected
from the group consisting of phenylene, phenylene
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vinylene, pyrrolylene, pyrrolylene vinylene, thie- with the additional proviso that R, =R,;

nylene, thienylene vinylene, fluorenylene, fluore- K represents an alkylene having one or two carbon

nylene vinylene, furanylene, furanylene vinylene, atoms;

phenothiazinylene, phenothiazinylene vinylene, dis 1 to 3;

phenazinylene, phenazinylene vinylene, phenoxazi- ° R, 1s hydroxyl, carboxylic acid, sultonic acid, or a

nylene and phenoxazinylene vinylene, which are straight or branched alkyl which 1s unsubstituted or

unsubstituted or substituted with one or more sub- substituted with hydroxyl; and

stituents, n represents an integer in a range from about 100 to
wherein the substituents are independently selected about 1,000:

from the group consisting of hydroxyl, alkyl, alkenyl, ' applying the intermediate composition to a substrate; and

alkynyl, alkanoyl, alkanoylamino, alkenoyl, removing at least a portion of the solvent to yield the

alkynoyl, alkoxy, alkoxycarbonyl, alkoxycarbony- electrically conductive layer or film.

lamino, alkylamino, alkylamino carbonyl, dialky- 2. The method of claim 1, wherein the repeating unit of

laminocarbonyl, alkylsultonyl, alkylsulfinyl, sulfony- Formula 1 and the repeating unit of Formula 2 are indepen-

lamino alkyl, alkylsulfonylaminocarbonyl, 1° dently represented by Formula 3, Formula 4, Formula 5, and

aminoalkyl, cyanoalkyl, halogen, haloalkyl, haloalk- combinations thereof:
enyl, haloalkynyl, haloalkanoyl, haloalkenovl,

haloalkynoyl, haloalkoxy, haloalkoxycarbonyl,

hydroxyalkyl, oxoalkyl, cycloalkyl, cycloalkenyl, [Formula 3]
cycloalkanoyl, cycloalkenoyl, cycloalkoxy, 2V

R Ry
cycloalkoxycarbonyl, aryl, arylene, heterocycle, het- / \ ~ \
erocyclyl, heteroaryl, heteroarylene, arylalkyl, het-

croarylalkyl, arylalkanoyl, heteroarylalkanoyl, aryla-
lkenovl, heteroarylalkenoyl, arylalkynoyl,
heteroarylalkynoyl, arylalkoxy, heteroarylalkoxy, 2° I

aryloxy, heteroaryloxy, aryloxycarbonyl, het-
eroarvlxoycarbonyl, arylalkoxycarbonyl, heteroary-
lalkoxycarbonyl, alkylhio, alkylthioalkyl, arylthio,

b la4
arylsulfonyl and arylsulfinyl, or the substituents / [Formula 4]
Ry’ \

/ \

together form an alkylene or alkenylene chain com- "
pleting a 3, 4, 5, 6, or 7-membered aromatic or alicy-
clic ring, whereby said ring optionally includes one or O 4

more divalent nitrogen, sulfur or oxygen atoms; and
the substituents are substituted or unsubstituted; / \
R, represents 33 p.
X

R; |[Formula 5]

Rip Ry
R 40
Rs

O

45 Dat
L

Ryj

and R, represents

Rg wherein,

>0 X, X, and X, are independently NH, O, S, or PH;
R,, R, Rs, Ry, R, and R, are independently hydrogen, R0 Rigs Rips Ryy's Rys and R ,' independently represent

alkyl, ammonium or

55 < R,
f
d Rs

with the proviso that atleastoneof R, R, R, R, R~ and . and
R, 1s ammonium or

. R7;
Lot -
g 65 Ry
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R;, R., R, R, R, and R, are independently hydrogen, alkyl,

ammonium or
K Ro,
d

with the proviso that at leastone of R;, R, R, R, R, and R

1S ammonium or
K Ro;
d

K represents an alkylene having one or two carbon atoms;

dis 1 to 3;

R, 1s hydroxyl, carboxylic acid, sulfonic acid, or a straight
or branched alkyl which 1s unsubstituted or substituted
with hydroxyl; and

n represents an teger in a range from about 100 to about
1,000.

3. The method of claam 1, wherein the solvent includes

water and/or a water soluble alcohol.

4. The method of claim 1, wherein at least a portion of the
solvent 1s removed by evaporation.

5. The method of claim 1, further comprising a water-
soluble or dispersible matenal selected from the group con-
sisting of a polymer, dye, coating aid, carbon nanotubes,
metal nanowires, nanoparticles, organic conductive ink or
paste, 1norganic conductive ink or paste, a charge transport
material, a piezoelectric material, a pyroelectric material,
terroelectric oxide nano-particles or polymer, photoconduc-
tive oxide nanoparticles or polymer, dispersing agent, and
combinations thereof.

6. The method of claim 1, wherein the intermediate com-
position 1s patterned on the substrate.

7. The method of claim 1, wherein the electrically conduc-
tive film 1s 1ncorporated 1nto an electrical component of an
clectronic device selected from the group consisting of light-
emitting diodes, light emitting diode displays, liqud crystal
displays, electronic paper, touchscreens, diode lasers, photo-
detectors, photoconductive cells, photoresistors, photo-
switches, phototransistors, phototubes, IR detectors, photo-
voltaic devices, solar cells, transistors, diodes, memory
storage devices, antistatic films, biosensors, electrochromic
devices, solid electrolyte capacitors, energy storage devices,
clectromagnetic wave shielding films, window de-icers, heat
reflectors, architectural materials, electro-optic modulators,
microresonators, interferometers, optical switches, direc-
tional couplers and multiplexers.

8. The method of claim 1, wherein the repeating unit of

Formula 1 and the repeating unit of Formula 2 are indepen-

dently represented by Formula 6, Formula 7, and combina-
tions thereof:
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|Formula 6]
O O
\ Ny /ﬂ
|Formula 7]
/ Ryq \
N/
wherein,
R, ., R,; and R, , independently represent
R3
s
Rs
and
Rg
< R7;
Rg
R;, R., R., Rs, R, and Ry are independently hydrogen,
alkyl, ammonium or

R
/%K\OJ/ Qs
d

with the proviso that at leastone of R, R, R, R, R, and Rq
1S ammonium or

R .
/éK-\\Og/ Qs
d

K represents an alkylene having two carbon atoms;

dis 2;

R, 1s a hydroxyl, a carboxylic acid, a sulfonic acid, or a
straight or branched alkyl which 1s unsubstituted or sub-
stituted with hydroxyl; and

n represents an iteger 1n a range from about 100 to about
1,000.
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In Column 7, Line 39, delete “““alkylthio,” and insert -- “Alkylthio,” --, therefor.
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In Column 13, Line 5, delete “of of” and insert -- of --, therefor.
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